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Introduction 
Although estrogens seem to be mainly female sex hor-
mones, they have important physiological roles in
many organs and systems in the male e.g. bones, brain,
nervous, cardiovascular and reproductive systems 
[1-3]. Estrogens exert their biological role by binding
to estrogen receptor (ER). Both ER types, α and β, can
be found widely in the male reproductive system.
However, different research results are not in accor-
dance when concerning the localization of ERα and
ERβ, particularly in the testis [3]. It was shown in
many studies that after birth, in the neonatal and
peripubertal period of life, the expression of ERα is
limited to the Leydig cells in rodents and stallions [4]
but the expression of ERβ in rats is present in germ
and somatic testicular cells, including Leydig or Ser-
toli cells [5,6]. In 4-day-old rats fetal germ cells (gono-
cytes) reveal ERβ mRNA in their cytoplasm and ERβ
protein in their nucleus. Between the 10th and 26th day
of life the presence of ERβ mRNA and protein were
detected in both spermatogonia A and pachytene sper-
matocytes. It seems that the other germ cells do not
show ERβ staining at this time [6].
Besides the physiological function of natural estro-
gens in the reproductive system, compounds with
estrogenic activity, called xenoestrogens, are reported
to be responsible for some disorders e.g. testicular can-
cer and infertility [7,8]. Xenoestrogens belong to
endocrine disrupting compounds, a group of sub-
stances which can interact with and modulate the func-
tion of endocrine system. They can interfere with the
hormone biosynthesis, increase or decrease the rate of
hormone metabolism or elimination and alter hormone
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homeostasis [9]. Many of them are spread worldwide,
deposited in environment, persistent to degradation,
can accumulate in food webs and are harmful not only
to the present but potentially also to the next genera-
tions. Xenoestrogens are structurally diverse group
and can be found among medicines, pesticides, indus-
trial chemicals and natural substances. Although,
chemically different they can bind to ER and exert
effects to some extent similar to natural estrogens.
One of the most known compounds with the high
estrogenic activity and detrimental effect on the repro-
ductive system is diethylstilbestrol (DES), a synthetic
potent estrogen, which was widely used from 40. to
70. of the 20th century for the treatment of pregnant
women to prevent miscarriages. What appeared later
on, DES caused serious abnormalities in male and
female reproductive tracts and problems with fertility
in carried offsprings [9]. Testicular tumors and cryp-
torchidism appeared in mice exposed to DES in utero
[10]. Exposure to DES in early postnatal life showed
decreased Sertoli cell number, germ cell volume and
spermatogenesis efficiency in adult rats [11]. 
Dietary estrogens originate not only from plants but
also from food contamination with moulds e.g. Fusarium
sp., which produces a mycotoxin zearalenone (ZEA).
It contaminates grains when they are grown and stored
in too wet conditions. ZEA is known to bind to ER in
vitro and in vivo [12] and was reported to decrease
embryonic survival, litter size, to cause disorders of
male and female reproductive system in laboratory and
domestic animals, and to have toxic effects in human
[13]. It was found that ZEA caused germ cell apopto-
sis in male rats [14] and diminished boar sperm quali-
ty (stability of chromatin structure, sperm viability and
motility) in vitro [15].
A lot of studies were dedicated to the influence of
xenoestrogens on the male reproductive system during
fetal period of life [9,16] and only few dealt with the
postnatal development [17-19]. An objective of our
study was to assess the influence of different doses of
xenoestrogens: DES and ZEA on testicular develop-
ment and quantitative aspects of spermatogenesis in
pubertal rats and to compare results with the effect of
natural estrogen – 17β-estradiol (E).
Materials and methods
Experimental setup. An experiment was performed on newborn
male Wistar rats. Animals were maintained at stable temperature
(22°C) and 12 hours light/dark cycle. From the first day of pregnan-
cy and then, after parturition, feeding mothers had free access to
water and soy-free food (Agropol, Poland). Newborn rats, were sub-
cutaneously injected daily, from the 5th to 15th postnatal day (p.d.),
with: 1) E in doses – 1.25 or 12.5 μg, or 2) DES – 1.25 or 12.5 μg,
or 3) ZEA – 4 or 40 μg. A volume of each injection was 0.1 ml. The
dose of 12.5 μg of E was chosen on the analogy of the dose of estra-
diol benzoate, administered in our previous studies to pubertal rats,
that caused the quantitative inhibition of spermatogenesis without
changes in FSH levels and the increase in germ and Sertoli cells
apoptosis [20, 21]. The second, lower 10-times lower dose of E was
chosen on the analogy of previous reports, presenting that adminis-
tration of E or DES in doses of 0.1-1.0 μg in different experimental
regimes to immature rats [18] or bank voles [22] had none or even
positive effects on testes growth and spermatogenesis. Doses of ZEA
were established basing on its binding affinity to ERs [12] and
simultaneously on levels of ZEA occurring in environment [23]. The
substances were dissolved in dimethyl sulfoxide (DMSO) and olive
oil. All the injected substances were purchased from Sigma-Aldrich
Co. (St. Louis, MO, USA). Control group (C) was injected with sol-
vents. Each experimental group contained 7-13 newborn animals.
Autopsy was performed on the 16th p.d. Animals were anaesthetised
with methohexital sodium (Brietal, Eli Lilly, USA) and fentanyl
(Fentanyl, Polfa, Poland) and weighted. Both testes were dissected,
weighted, fixed in Bouin's fluid and embedded in paraffin. 
Morphometry and stereometry of seminiferous tubules. Paraf-
fin embedded testes were cut into 3 μm thick sections and stained
with haematoxylin and eosin (Bio-Optica, Italy). Morphometric
analyses were performed using image analysis software LxAND
v3.60HM (Logitex, Lodz, Poland). Diameters of 20 randomly
selected seminiferous tubules' cross-sections were measured for
each animal. Subsequently, point counting of seminiferous tubules'
volume density (Vv) was performed. The microscopic picture at
160x magnification was covered by a square lattice containing 441
intersections. The number of intersections (points) falling on the
examined tubular cross-sections was counted by systematic move-
ment across the grid without overlap over the entire tissue section.
Volume density (Vv) of the seminiferous tubules was obtained by
dividing the sum of points on tubular cross-sections by the total
number of points over the tissue. The results were expressed as
a percentage of the testis volume (Vv%) [24]. Total seminiferous
tubules' volume (V) was determined by multiplying their volume
density (Vv) by fresh testis' volume (VT): V = Vv · VT. The specif-
ic gravity of testicular tissue is about 1.04 g/cm3, thus we used the
values obtained for testicular weight as being equivalent to the
fresh testis volume. The total length of the seminal tubules (L) was
calculated using the transformed standard equation for a tube
model (L = V/πr2) [25], where V was the total seminiferous
tubules' volume and r was the mean radius of the tubule.
Quantitative assessment of seminiferous epithelium cells. In
testes of 16-day-old rats spermatogonia A (SgA), intermediate
spermatogonia (SgIn), spermatogonia B (SgB), spermatocytes in
perelptotene (ScPL), leptotene (ScL), zygotene (ScZ) and
pachytene (ScPA) stage of the first meiosis and Sertoli cells (S) can
be distinguished, basing on their morphological characteristics and
location in the seminiferous epithelium as described previously
[26]. Particular cell types were counted in 20 randomly chosen
round seminiferous tubules' cross-sections for each animal. The
diameters of 50 round nuclei of each type of germ and Sertoli cells
were measured by means of image analysis software LxAND
v3.60HM (Logitex, Lodz, Poland). Because of irregular or oval
shape of SgA, SgIn and Sertoli cells nuclei, they were estimated as
the average of minimal and maximal dimensions. The counts of
different cell types were corrected for section thickness and nucle-
us diameter [27] and expressed as a cell number per cross-section
of seminiferous tubule. The total number of germ and Sertoli cells
per testis was calculated from the product of total length of semi-
niferous tubule and cell numbers expressed per cross-section [28].
For this presentation SgA, SgIn and SgB were joined in A/In/B
group, as well as ScL, ScZ and ScPA were joined in L/Z/PA group.
Statistical analysis. One-way ANOVA followed by a post hoc test
(Newman-Keuls test) was applied to assess statistical significance
of the data. Differences were considered significant at p<0.05.
Data are presented as mean ± standard deviation.
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Results
Body and testis weight 
Body weight did not change significantly in all exper-
imental groups (data not shown). Estrogenic and
xenoestrogenic treatments caused the significant
decrease of testis weight in all groups (Fig. 1A). How-
ever, the effect of DES was the strongest in comparison
with both doses of E and ZEA and independent of the
dose used. Testis weight was diminished to 42 and 38%
of C by DES1.25 and DES12.5, respectively. The effect
of E and ZEA treatment was weaker and dose depend-
ent. E1.25 diminished testis weight to 63% and E12.5 to
51% of C, while ZEA4 to 77% and ZEA40 to 57%. 
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Fig. 1 A-C. Influence of E1.25 μg,
E12.5 μg, DES1.25 μg, DES12.5 μg
ZEA40 μg and ZEA4 μg per animal
per day on testes relative weight (A),
seminiferous tubule diameter (B) and
seminiferous tubule length (C) in 
16-day-old rats. Results are means
and standard deviations of 7-13 ani-
mals per group. * – p<0.05, ** –
p<0.01, *** – p<0.001;  Newman-
Kauls test, groups vs. control. 
Morphometry and stereometry of seminiferous
tubules
Mean diameter of seminiferous tubules was signifi-
cantly diminished after all treatments in comparison
with C (Fig. 1B). The effects were dose dependent.
DES in the higher dose caused the strongest effect,
diminishing mean seminiferous tubule diameter to
84% of C. E12.5, DES1.25 and ZEA40 diminished
seminiferous tubule to the same extend (about 89% of
C), as well as E1.25 and ZEA4 revealed similar effects
(seminiferous tubule diameter diminished to 95% of
C). Histological pictures of representative seminifer-
ous tubules cross-sections after E12.5, DES12.5 and
ZEA40 treatments are presented on the figure 2 A-D.
Mean total length of seminiferous tubules in all
groups was significantly decreased after all treatments in
comparison with C (Fig. 1C). The effect of DES was the
strongest and independent of the used dose. E1.25, E12.5
and ZEA40 had similar influence on seminiferous tubule
length, while ZEA4 showed the weakest effect.
Quantitative assessment of seminiferous
epithelium cells
DES, independently of the doses used, had the most
detrimental effect on each type of germ cells number.
The negative influence of E on germ cell numbers was
less pronounced causing, after administration of both
doses, the decrease of A/In/B number (E1.25 to 62%,
E12.5 to 59% of C). Significant decrease in ScPL
number (to 39% of C) was observed only after treat-
ment with E12.5. The effect of ZEA was the weakest,
exerted significantly only after higher dose on sper-
matogonia number (A/In/B decreased to 66% of C).
The effect of the administered compounds on germ
cell number is shown on the Fig. 3A.
The number of somatic Sertoli cells per testis was
significantly diminished by all of the substances
except ZEA4 (Fig. 3B). Again, the strongest effect was
observed after treatment with DES and this effect was
independent on the used dose (decreased to 46-48% of
C). E in both doses and ZEA40 caused similar
decrease in Sertoli cell number, but the effect was
weaker than the effect of DES. ZEA4 did not influence
Sertoli cell number. 
Discussion
We performed our study in the specific period of rat's
life between the 5th and 15th day after birth. On the 5th
day of life fetal germ cells, gonocytes, are already dif-
ferentiated into the first spermatogonia. We analyzed
the next 10 days, the period covering the first appear-
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Fig. 2 A-D. Haematoxylin and eosin staining of testis cross-section of 16-day-old rats in control group (A), after treatment with E12.5 μg
(B) or DES12.5 μg (C) or ZEA40 μg (D). Seminiferous tubule diameters are significantly diminished by all treatments.
ance of SgA, their multiplication and differentiation
into SgIn and SgB, progression into meiotic germ cells
– ScPL and the transition between ScPL and ScPA,
representing prophase of the first meiotic division [26,
29,30]. To our knowledge the studies on E and DES
influence on the rat's testis development are numerous
[3,9,16] but the influence of ZEA on testis and sper-
matogenesis of the 16-day-old rats is reported for the
first time. However, there are results of studies on zer-
anol, ZEA derivative, suggesting that it can impair
spermatogenesis and testis development after birth by
disruption of hormonal/FSH balance [31].
There are a lot of opposing results of studies on the
influence of estrogen like substances on the develop-
ing testis up to puberty [9,16]. In general, perinatal
exposure to high doses of substances with the high
estrogenic activity, such as E and DES, led to severe
retardation of first spermatogenesis and testicular
development [2,18,32,33]. Our results are in agree-
ment with these studies and confirmed that all of the
analyzed substances, including natural estrogen, had
the detrimental effect on the germ and Sertoli cells
number, as well as on the testis weight, diameter and
length of seminiferous tubules. One of the possible
explanation of this negative impact is that high levels
of estrogen may cause a reduction in both GnRH
secretion and pituitary responsiveness to GnRH [34],
as well as the decrease in FSH and LH blood concen-
tration, and as a consequence in testosterone produc-
tion [35]. However, the direct effect of estrogen on tes-
ticular cells cannot be ruled out. Estrogen directly can
retard pubertal Leydig cells development [36] and
inhibit testosterone production [21,37]. Moreover,
estrogen may have the direct negative influence on
Sertoli cell number and maturation, independently of
changes in FSH and androgen levels [38,39]. 
In our study DES had the strongest harmful effect
on each analyzed parameter in the developing testis in
low and 10-times higher doses. Testicular weight, sem-
inal tubule length and all germ cell types and Sertoli
cell number were significantly decreased. Atanassova
et al. revealed also inhibitory effect of DES on the first
spermatogenesis in rats receiving similar dose 
(10 μg/day) between the 2th and 12th p.d., however,
after lower doses (0.01 or 0.1 μg/day) some stimulato-
ry effects were observed [18]. It is of interest that FSH
serum levels were elevated in early puberty (after
treatment has ceased) and such a change persisted to
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Fig. 3 A-B. Influence of E1.25 μg,
E12.5 μg, DES1.25 μg, DES12.5 μg
ZEA40 μg and ZEA4 μg per animal
per day on germ cell number per
testis (A) and Sertoli cells number
per testis (B) in 16-day-old rats.
Results are means and standard devi-
ations of 7-13 animals per group. * –
p<0.05, ** – p<0.01, *** – p<0.001;
Newman-Keuls test, groups vs. con-
trol. A/In/B – spermatogonia A,
intermediate and B; ScPL – sperma-
tocytes preleptotene stage; L/Z/PA –
spermatocytes in leptotene, zygotene
and pachytene stage.
adulthood. The mutual action of FSH and estrogen was
also reported in our previous study when concomitant
administration of estradiol benzoate and FSH to imma-
ture rats resulted in the enhancement of FSH stimula-
tory effect on the initiation of spermatogenesis by
estrogen [21]. Lim et al. [40] reported recently that E-
stimulated spermatogenic development in hpg mice
occurred with markedly suppressed intratesticular
E levels. Authors suggested that this inducing effect of
E on spermatogenesis is caused by extratesticular
E actions, predominantly increase in FSH level, what
was also suggested before by Ebling et al. [41]. It is
possible that the failure in achieving a positive effect
of lower dose of E on  germ cells in our present study
is caused by the fact that the dose used was not able to
exert stimulating effect on FSH secretion. The reduc-
tion in number of spermatogonia, as well as in Sertoli
cells, suggests rather opposite effect. The comparable
detrimental effect of both doses of DES on testes
development, germ and Sertoli cell numbers seen in
our study, may suggest that probably after crossing the
certain threshold of estrogen level in the blood its
effect is less dependent on administered doses. 
DES is known to have more estrogenic activity than
E in vitro and in vivo [42,43]. In accordance with this,
the negative effects of E in our study, administered in
the same doses as DES, were less pronounced and
showed a clear dose-dependent pattern for most of the
parameters studied. Both doses of E inhibited the num-
ber of Sertoli cells and spermatogonia, however inhibi-
tion of germ cell types of further steps of spermatogen-
esis were observed only after the higher dose of E. Sper-
matogonia number, as only germ cell type, was
decreased after administration of all studied substances
except the lower dose of ZEA. It may suggest that sper-
matogonia seem to be the most sensitive to the negative
impact of used here substances. These results are in con-
flict with our earlier studies in which estradiol benzoate
was administered to rats during the neonatal period of
life between days 5th and 11th, showing that the numbers
of undifferentiated and differentiating type A spermato-
gonia were increased at day 15th [44]. One of the possi-
ble explanations for these discrepancies can be the use
of an estradiol compound (estradiol benzoate) in our
previous study instead of pure E, which binding affinity
to the human and murine ERα seems to be 6-10-fold
reduced in comparison with E [45]. As the ERα is the
main ER expressed in the rat pituitary gland [46] the dif-
ferences in the effects exerted by both substances could
be attributed to their different action on gonadotropins
secretion, suggesting inhibition of FSH by E. The selec-
tive suppression of FSH action in immature rats by pas-
sive immunisation caused a significant reduction in Ser-
toli cells and spermatogonia numbers, but spermato-
cytes were more resistant to this conditions [47]. There-
fore the reduction in spermatogonia number obtained in
this study by administration of DES and E were attrib-
uted rather to probable inhibition of FSH action,
although the direct action on germ cells cannot be total-
ly ruled out. It is probable also that Sertoli cells are the
main target for the harmful influence of estrogen. It was
found previously that DES exposure during postnatal,
prepubertal period of life caused delay in advance of
spermatogenesis and consequently reduced daily sperm
production and testis weight in adulthood, because of
delayed Sertoli cell maturation and impaired function,
and decrease in their number [38,39]. 
ZEA is known to have lower estrogenicity in com-
parison to E and DES [12]. According to this in our
study ZEA had the weakest effect on almost all analyzed
parameters. It had significant dose dependent effect on
testicular growth but the effect on spermatogenesis was
not so evident. ZEA influence on the numbers of differ-
ent types of germ cells (besides spermatogonia after
ZEA40) was not statistically significant and Sertoli cell
number was diminished significantly only by the higher
dose of ZEA. It was shown previously that single peri-
toneal injection of ZEA (5mg/kg) to adult male rats
caused germ cell apoptosis. The main target cells in
ZEA-induced apoptosis were spermatogonia and early
spermatocytes [14]. Thus, the decrease in spermatogo-
nia number in our study can be probably attributed to
the increased rate of their apoptosis, but it needs further
elucidation. It was also shown in vitro that ZEA signifi-
cantly suppressed hCG-induced testosterone production
in Leydig cells from adult mice [48]. It has been shown
that testosterone withdrawal increased the apoptotic rate
almost in all stages of spermatogenesis in adult rats and
had the most detrimental effect on preleptotene sperma-
tocytes survival [49]. In our study the significant
decrease was evident only for the number of spermato-
gonia after administration of the higher dose of ZEA,
thus the decrease in testosterone level cannot be proba-
bly the only explanation. However, in adult male rats
treated orally with 20 mg of ZEA for 5 weeks there were
no changes in testes weight, as well as in spermatogen-
esis and serum levels of gonadotropins [50]. The ques-
tion if FSH could attribute to the negative effect of ZEA
on spermatogonia and Sertoli cell numbers needs fur-
ther exploration, and such studies are in progress. 
Conclusions
Exposure of prepubertal male rats to DES has
stronger detrimental effect on the developing testis in
comparison to the effect of natural estrogen and weak
xenoestrogen ZEA. E and xenoestrogens diminished
seminiferous tubule diameter, length and testis weight.
However, there were differences in severity of the
effects and dose-dependency. E and DES in both doses
impaired spermatogenesis, especially decreased sper-
matogonia number. ZEA had weaker effect than the
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potent estrogens. Only the higher dose of ZEA mim-
icked to some extent the inhibitory effect of E and
DES. Taking into account the usual oral way of ZEA
administration in rodents and human we may suspect
that its concentration in the organism is lower in com-
parison to subcutaneous administration and the real
effect is probably less intensive. Nevertheless, accord-
ing to other studies, ZEA may have the negative influ-
ence on the fertility in adulthood.
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